Bitterweed plants were collected biweekly from four ranches located on the Edwards Plateau of Texa~ The area covered was approximately 220 km from north to south and 80 km wide. The study started in December when bitterweed plants were in the seedling stage and continued to the following June, when seed heads were present and most plants were desiccated. Environmental conditions and phenological stage of bitterweed populations were recorded and hymenoxon was determined. Hymenoxon, a sesquiterpene lactone with an exocyclic ~x-methylene--y-lactone moiety, is the principal toxic constituent in bitterweed. Hymenoxon concentrations were highest in seedlings and decreased as the plants matured. Levels ranged from 1.1 to 4.5% (dry matter basis) in bitterweed collected in December and from 0 to .8% in June collections. When sampled at approximately the same phenological stage, there were significant differences in hymenoxon content of bitterweed growing at different locations, which appeared to be unrelated to environmental conditions. Whether these differences are due to genetic differences in plant populations or to phenotypic differences is unknown.
Introduction
Bitterweed (Hymenoxys odorata) is the poisonous plant most seriously affecting sheep production in Texas (Hardy et al., 1931; Boughton and Hardy, 1937; Rowe et al., 1973) . Poisoning usually occurs from late fall through early spring. The severity of the problem depends on rainfall patterns and availability of other forage. Signs of poisoning include loss of appetite, salivation, cessation of rumination and depression. An occasional animal will vomit rumen contents and exhibit a green nasal discharge (Rowe et al., 1973 The principal toxicant in bitterweed is a sesquiterpene lactone with an exocyclic methylene group conjugated with the lactone carbonyl (figure 1). Characterization of this poisonous lactone was first reported by Kim et al. (1975) and then by Ivie et al. (1975) . The empirical formula of the chemical isolated by both research groups was ClsH22Os (figure 1). The chemical isolated by Kim et al. (1975) was named hymenoxon, and the melting point (rap) was reported as 135 to 142 C. However, the compound isolated by Ivie et al. (1975) was named hymenovin (rap 115 to 137 C) and appeared to be a mixture of two hemiacetals epimeric at the C-3 and C-4 positions. Subsequently, Pettersen and Kim (1976) definitively elucidated the structure of hymenoxon (rap 135.5 to 136.5 C) by x-ray crystallography (figure 1).
Development of an assay for hymenoxon (Hill et al., 1979) and repeated evidence that hymenoxon is the major toxic constituent of bitterweed (Hill et al., 1979; Calhoun et al., 1981; Terry et al., 1981) provided a means for assessing the factors affecting the toxicity of the weed. The purpose of this research was to determine the effect of growth site, stage of maturity and environmental factors on the hymenoxon content of bitterweed. Bitterweed was collected biweekly from three .25-m 2 quadrats selected randomly within each site (Mclntyre, 1978) . Each time bitterweed was sampled, phenological stage of the population, density (Strickler and Stearns, 1962) and cover of other plant species (Hutchings and Pase, 1962) were estimated and recorded. Numerical scores and corresponding stage of phenological development of bitterweed plants used are as follows: 1 = seedling (< 2.5 cm tall), 2 = early vegetative (2.5 to 7.5 cm tall), 3 = late vegetative (7.5 to 15 cm tall), 4 = pre-bloom (bud stage), 5 = mid-bloom, 6 = fullbloom, 7 = mature (some seed heads formed), 8 = post-mature (absence of yellow ray flowers), 9 = desiccated. Samples were oven-dried at 60 C for 48 h to determine moisture content, then ground through a 1-mm screen and stored for subsequent hymenoxon, crude protein and phosphorus analyses. Hymenoxon content was determined by gas-liquid chromatography using flavone as an internal standard (Hill et al., 1979) .
Crude protein was determined by a microKjeldahl procedure (AOAC, 1970) ; phosphorus (P) determinations were made using the procedure of Chapman and Pratt (1961) and the single solution reagent of Murphy and Riley (1962) .
Other observations taken each time bitterweed was collected were soil temperature at depths of 2.5, 7.6 and 15.2 cm and cumulative rainfall. Three soil samples, taken at depths of 0 to 7:6,. 7.6 to 15.2 and 15.2 to 22.8 cm, were also collected. These were oven-dried at 105 C for 48 h and soil moisture was determined. Dried soil samples were composited for each site and triplicate samples submitted to the Texas Agricultural Extension Service's Soil Testing Laboratory at Lubbock, Texas. Soil pH, nitratenitrogen, P and potassium (K) values were determined to provide information on the relative fertility of the soils. Soil calcium (Ca), magnesium (Mg) and salinity hazard were also estimated.
In the statistical treatment of data, Duncan's new multiple range test as described by Steel and Torrie (1980) was used to test for differences between locations and sites within locations. Regression analysis was used to quantify the relationship between hymenoxon percentage and stage of maturity (phenological score) and to examine associations between hymenoxon and soil moisture and soil temperature.
Results and Discussion
Because of the distances involved, all ranch locations were not sampled on the same day. Usually collections were made biweekly over a 2-d period. The first bitterweed collections were made on December 2. Table 1 shows collection dates, as well as measurements of cumulative rainfall (cm) taken from sampling locations during biweekly bitterweed collections. A comparison of the normal total precipitation by months with actual precipitation at the four ranch locations is presented in table 1. The periods at which actual rainfall measurements were made do not correspond exactly to months because the sampling dates were not exactly on the first of each month; however, this was a convenient way to summarize these for comparison and is not misleading so long as this lack of correspondence is understood. Overall rainfall was slightly greater for each ranch location than the normal, 30-yr average (Griffiths and Orton, 1968) . February was Soil moisture contents were similar within a sampling site regardless of the depths sampled, therefore, soil moisture data for each site were averaged. Table 2 shows these values, summarized by months. Soil moisture was generally adequate for growth of bitterweed during this study, reflecting above-average rainfall and good rainfall distribution. Although rainfall was similar among locations, wide differences in soil moisture were evident among ranches. The greatest difference was between H&H Cattle Company and Oglesby Ranch. Rainfall measured at these locations was identical (26.6 cm); however, soil moisture was consistently higher at Oglesby Ranch, averaging 29.6% compared to 21.1% for H&H Cattle Company (table 2) . There were also differences among sampling sites within ranches for H&H Cattle Company, Oglesby and Pfluger locations.
Soil temperatures also varied among ranch locations and among sites within locations (table 3) . Soil temperatures were consistently higher for Pfluger and Sonora locations than for H&H Cattle Company and Oglesby locations. Within ranch locations differences between sites existed for Oglesby and Pfluger ranches. Average soil temperatures, for the entire bitterweed collection period, were 16.5 -+ 2.0 and 19.0 + 2.0 C, respectively, for sites 1 and 2 at Oglesby ranch. Values for sites 1 and 2 at Pfluger ranch were 19.8 + 2.6 and 21.6 + 2.6, respectively.
The results of chemical analysis of composite soil samples collected from bitterweed sampling sites are given in table 4. All soils were alkaline, with pH values ranging from 7.9 to 8.2 Soil reaction varied as much between sites on the same ranch as they did among ranches. Nitrogen values averaged 5.8 ppm and there were no significant differences among sampling sites. Phosphorus varied from 29 to 167 ppm and K from 173 to 947 ppm. Differences in levels of these plant nutrients were as great between sites on the same ranch as they were among ranches. The Ca content of all soils sampled was greater than 10,000 ppm. Magnesium content varied from 324 to 500 ppm. Salinity hazard was very slight on all soils sampled and ranged from 758 to 1,083 ppm (salts).
In December, bitterweed plants were mostly 2.5 to 7.6 cm tall. Some seedlings <2.5 cm were present as were a few plants >7.6 cm. By the end of January, plants were mostly in the range 2.5 to 12.7 cm tall, and some blooms were present on the more mature plants. Seedlings continued to emerge and establish throughout the winter whenever conditions were favorable. Rapid growth occurred in March, and most plants were 20 to 30 cm tall and beginning to flower by March 25. Bitterweed was in full bloom by mid-April and seed heads were forming by late April. Some plants in full bloom were observed in May, but most had seed heads and were beginning to dry out. Plants collected the first week in June were mostly desiccated.
Although the bitterweed collection locations used in this study covered a wide range, approximately 220 km from north to south and 80 km 8.5 9.0 9.0 9.0 9,0 aNumerical scores and corresponding stage of phenoiogical development of bitterweed plants that were used are as follows: 1 = seedling (~<2.5 cm tall), 2 = early vegetative (2.5 to 7.5 cm tall), 3 = late vegetative (7.5 to 15 cm tall), 4 = pre-bloom (bud stage), 5 = mid-bloom, 6 --full-bloom, 7 = mature (some seed heads formed), 8 = post-mature (absence of yellow ray flowers), 9 = desiccated.
blndicates the range of days over which bitterweed was collected during that sampling period.
Clndicates no data collected during this period.
sampling sites at Oglesby and Pfluger ranches. Bitterweed collected at Pfluger and Sonora locations were consistently higher in hymenoxon content throughout the year than was bitterweed from H&H Cattle Company. The hymenoxon content of bitterweed from Oglesby Ranch tended to be intermediate.
Relationships between stage of maturity and hymenoxon content were quantified by calculating regressions of hymenoxon on phenological scores for each of the sites, over the entire sampling period. There were negative linear regressions (P<.05) for all sites. Hymenoxon decreased as phenological scores increased, indicating that hymenoxon levels decreased as bitterweed plants mature. Comparisons of the regressions of hymenoxon on phenological scores for the two sites within each location revealed no significant differences among sites within locations. Therefore, the data from both sites were pooled and an overall regression of hymenoxon on phenological score calculated for each ranch ( figure 2) . The regressions were then tested to determine if there were differences among ranches in relationships between hymenoxon and phenology. Regressions for H&H Cattle Company and Oglesby ranches were different from each other (P<.01), and different from regressions for other locations (P<.01). The regressions of Pfluger and Sonora locations were not different from each other.
The crude protein (N • 6.25) content of composite bitterweed samples (composited by months for each ranch) are shown in figure 3 . December values ranged from 13.1 for-Pfluger to 22.6% for H&H Cattle Company. These levels decreased as bitterweed matured, and in June the respective values for the two ranches were 6.7 and 10.2%. Crude protein contents of bitterweed at Oglesby and Sonora Ranches were similar to those at Pfluger Ranch. While bitterweed from H&H Cattle Company Ranch had the lowest hymenoxon levels, it had the highest crude protein content, and Pfluger and Sonora Ranches, which had much higher hymenoxon levels, had lower crude protein levels. The reason for the inverse relationship between hymenoxon and crude protein is unknown. May at all locations there was no effect of stage of maturity on P levels. Variations in chemical constituents of soils taken from the sampling sites were as great among sites within locations as they were among locations (table 4) ; thus, there does not appear to be any difference in the measured chemical constituents of soils that would explain variations in the hymenoxon or crude protein contents of bitterweed plants collected from the different locations in this study.
Linear regressions of hymenoxon percentage on soil temperature and soil moisture were calculated to examine the possibility of relationships between hymenoxon content of bitterweed and these environmental factors. There were significant linear relationships between hymenoxon and soil temperatures for all sites, hymenoxon content decreased as soil temperatures increased. The percentage of the variation in hymenoxon levels associated with soil temperatures ranged from 45 to 80. The effect of soil temperature on hymenoxon content of bitterweed was probably due to its influence on bitterweed growth because there were positive relationships between phenological scores and soil temperatures.
None of the regressions of hymenoxon on soil moisture were significant. Thus, variation among locations in the hymenoxon content of bitterweed did not appear to be related to the variation in soil moisture observed in this study.
Our observation that hymenoxon decreases as bitterweed matures is consistent with results of Rowe et al. (1973) and Hill et al. (1979) , but contradicts an early report by Boughton and Hardy (1937) . In the study of Boughton and Hardy (1937) , conclusions about the relative toxicity of seedling and mature bitterweed were based on LDs0 values determined in acute studies with sheep. Such an approach is much less precise than determination of hymenoxon.
Hymenoxon is concentrated primarily in the leaves and flowers (M. C. Calhoun, unpublished data). Because of these differences, part of the reduction in hymenoxon levels with increasing maturity could be due to reduced leaf to stem ratios.
This study has demonstrated that bitterweed plants growing at different locations on the Edwards Plateau differ in hymenoxon content (and potential toxicity), even when growing under similar environmental conditions and when collected at the same phenological stage. Whether these differences in hymenoxon are due to genetic differences in these plant populations or to phenotypic differences is not known. However, variation in chromosome numbers from N=I 1 to N=15 have been reported for Hymenoxys odorata (Sanderson and Strother, 1973) . These are found in orderly geographic distribution, with N=15 found in the highland area of north central Mexico; N=14 near Laredo, Texas; and N=12 near Del Rio, Texas. Populations of N=11 are the most widespread and extend northward and westward from the Del Rio area. Unfortunately these races are essentially indistinguishable in the field and are not distinguished taxonomically (Sanderson and Strother, 1973) .
